Abstract. We conducted a Phase I/II study of combination therapy using CPT-11 and S-1 as a first-line treatment for metastatic colorectal cancer. The 28-day treatment cycle consisted of S-1 administered orally from day 1 to 21 and CPT-11 administered intravenously on days 1 and 15. In the Phase I portion, the dose of S-1 was fixed at 80 mg/m 2 /day, while CPT-11 was administered at a starting dose of 60 mg/m 2 then stepped up in 20 mg/m 2 increments. The maximumtolerated dose was achieved at 80 mg/m 2 of CPT-11, and the recommended dose was determined to be 60 mg/m 2 of CPT-11. In the Phase II portion, this therapy exhibited a response rate of 58%, a median progression-free survival of 8.4 months, and a median overall survival of 18.7 months. Toxicity was generally mild and manageable. No patient showed grade 4 toxicity, and grade 3 toxicity was observed in only 18% of patients. The most frequently observed grade 3 toxicity was diarrhea, at a rate of 6%. The mean relative dose intensity of CPT-11 and S-1 was as high as 98 and 97%, respectively. In conclusion, combination therapy with CPT-11 and S-1 according to our treatment schedule is effective, safe and highly feasible for metastatic colorectal cancer patients. These data suggest that assessing this combination therapy in a Phase III study would be worthwhile.
Introduction
Colorectal cancer is one of the most common types of cancer, and nearly half of its patients develop metastatic disease (1) . Due to recent progress in active agents, chemotherapy has been demonstrated to dramatically improve the survival of patients with metastatic colorectal cancer (2).
S-1, an oral fluoropyrimidine derivative, has been developed in combination with two biomodulators, 5-chloro-2,4-dihaydroxy pyrimidine and potassium oxonate, to improve the therapeutic index of tegafur by maintaining high concentrations of 5-FU in plasma and tumors with less gastrointestinal toxicity (3) . In Phase II studies, S-1 monotherapy for metastatic colorectal cancer has been demonstrated to be safe and shows a response rate ranging from 19 to 39.5% as a first-line treatment and of 14.3% as a second-or third-line treatment (4-7).
CPT-11, also known as irinotecan, is a DNA topoisomerase I inhibitor (8) . Two randomized Phase III studies demonstrated that CPT-11 therapy combined with 5-FU plus leucovorin as a first-line treatment for advanced colorectal cancer was highly effective, providing a response rate of 35-39%, a progression-free survival of 6.7-7.0 months and an overall survival of 14.8-17.4 months (9, 10) . Following these reports, this combination therapy was recognized as the standard chemotherapy for colorectal cancer. Nonetheless, several studies have attempted to use oral fluoropyrimidine derivatives such as capecitabine and S-1, instead of 5-FU plus leucovorin, in combination with CPT-11 (11) (12) (13) (14) . These studies have also shown favorable results in terms of their efficacy and safety. However, no standard treatment schedule, including dose setting and cycle duration, has been established.
We conducted a Phase I/II study of combination therapy with CPT-11 and S-1 as a first-line treatment for metastatic colorectal cancer to determine the recommended dose (RD) and to evaluate the efficacy and safety of treatment at this dose.
Patients and methods
Patient selection. Before entry, patients underwent a physical examination, a chest X-ray and computed tomographic scans of the abdomen and chest. A complete blood cell count, a liver and renal function test and urinalysis were performed 7 days prior to admittance. The main eligibility criteria included a histologically confirmed diagnosis of colorectal cancer with metastatic disease, measurable disease, age ≥20 years, life expectancy ≥12 weeks, an Eastern Cooperative Oncology Group performance status ≤2, a leukocyte count of 4,000-12,000/mm 3 , a platelet count ≥100,000/mm 3 , hemoglobin ≥9.5 g/dl, serum aspartate aminotransferase ≤100 IU/l, alanine aminotransferase ≤100 IU/l, bilirubin ≤2.0 mg/dl, and serum creatinine ≤1.5 mg/dl. Patients who had undergone previous chemotherapy were not included, except for those who had undergone adjuvant chemotherapy ≥6 months before. Patients with the following conditions were not eligible: unresolved bowel obstruction or diarrhea, central nervous system metastasis, clinically significant heart disease, active carcinoma with the primary site in organs other than the colon and rectum, active infection, a past history of severe drug allergy, fresh gastrointestinal bleeding and pleural and/or peritoneal effusion needing treatment. The study was approved by the ethics committee for clinical research of Saga University Hospital. Patients were informed of the investigational nature of the study and provided their written informed consent before registration.
Study design and treatment. The study was designed as a Phase I study to determine the maximum-tolerated dose (MTD) and RD of S-1 (Taiho Pharmaceutical Co. Ltd., Tokyo, Japan) and of CPT-11 (Irinotecan; Yakult Pharmaceutical Co. Ltd., Tokyo, Japan), and as a Phase II study evaluating the efficacy and safety of treatment using these RDs. The 28-day treatment cycle consisted of CPT-11 in 500 ml of saline administered intravenously over a 90-min period on days 1 and 15, and of S-1 administered orally in two divided doses for 21 consecutive days, from day 1 to 21. Treatment was repeated unless disease progression or severe toxicity was observed.
The dose of S-1 was fixed at 80 mg/m 2 /day according to the Japanese RD. Based on a previous study, three doses of S-1 were used according to body surface area (BSA) as follows: BSA <1.25 m 2 , 80 mg/day; BSA 1.25-1.5 m 2 , 100 mg/day; BSA >1.5m 2 , 120 mg/day (5). CPT-11 was administered at a starting dose of 60 mg/m 2 (level 1) then increased in 20 mg/m 2 increments to 120 mg/m 2 (level 4) unless the MTD was achieved. The MTD was defined as the dose level associated with dose-limiting toxicity (DLT) in at least two of three and two of six patients (>33% of patients). The DLT was defined as the occurrence of one or more of the following toxicities during the first course: febrile grade 3 or 4 hematological toxicity, grade 4 neutropenia, grade 4 thrombocytopenia, grade 3 or 4 non-hematological toxicity except for nausea and vomiting, or a >1-week delay in treatment as a result of drugrelated toxicity. The number of patients at each dose level was based on DLTs experienced during the first course. Proceeding to the next dose level was allowed if none of the three patients at a given dose developed DLT. If one of three patients at a given dose developed DLT, three or more patients were entered at the same dose. Proceeding to the next dose level was allowed if none of the additional patients developed a DLT, but not if one or more did. Before proceeding to the next dose level, all patients had received at least one course of treatment. No intrapatient dose escalation was allowed.
The following course was started only for patients who met the criteria of a leukocyte count of 3,000-12,000/mm 3 , a platelet count ≥100,000/mm 3 , body temperature <38˚C, and other toxicities of grade 2 or less except for nausea, alopecia and skin pigmentation. If the patient condition was not resolved by day 42 of the cycle, treatment was discontinued. If the patients exhibited grade 4 neutropenia, grade 4 thrombocytopenia, grade 3 or 4 diarrhea or treatment delay due to neutropenia or diarrhea, the dose of CPT-11 was reduced by 10 mg/m 2 in the subsequent course. Under the same conditions, the dose of S-1 was reduced in the subsequent course as follows: 120, 100, and 80 mg of S-1 daily were respectively reduced to 100, 80, and 50 mg daily. Once reduced, the doses of CPT-11 and S-1 were not increased. If the patients exhibited a reaction requiring a second dose reduction, treatment was discontinued.
Supportive treatments were administered as required. Patients with diarrhea were treated with loperamide hydrochloride. The prophylactic administration of antiemetic medication (5-HT3 antagonist and corticosteroid) and antigastrointestinal mucositis (H2 receptor blocker) at standard doses was routinely performed when CPT-11 was administered. The use of colony-stimulating factors was allowed if medically justified. Table I . Patient characteristics. 
Includes six patients at level 1 of the Phase I portion.
A complete blood cell count, a liver and renal function test and urinalysis were conducted at least once a week during the first and second courses, and every other week afterwards. Toxicity was assessed according to the National Cancer Institute Common Toxicity Criteria (NCI-CTC) version 2.0. Toxicity profiles and dose intensity (DI) were determined at the end of the treatment course. Relative DI was calculated using the formula (%): 100 x delivered DI (mg/m 2 /wk)/projected DI (mg/m 2 /wk). Patients were examined with at least 6-week intervals to evaluate objective responses. Responses were evaluated according to the RECIST criteria (15) . Complete and partial responses required subsequent confirmation of response after an interval of at least 4 weeks. Progression-free and overall survival were calculated from the day treatment started to the day of evaluation on which disease progression was confirmed and the day the patient succumbed to the disease, respectively.
Statistics. We calculated the required sample size for the Phase II study on the basis of a target activity level of 40% and a minimum activity level of 20%, with α and ß errors of 0.2. The required number of patients was estimated to be 24. Progression-free and overall survival curves were estimated using the Kaplan-Meier method and tested by the log-rank test. Significant difference was defined as P<0.05.
Results
Between April 2003 and March 2006, 36 patients were enrolled in the present study. The first nine were entered into the Phase I portion and the remaining 27 into the Phase II portion. The MTD and RD were determined by evaluating the nine patients in the Phase I study. Efficacy and safety were analyzed in 33 patients receiving the RD as an initial dose, including six patients assigned to level 1 in the Phase I study. At the last evaluation, treatment based on the protocol was discontinued in all eight surviving patients. Patients were eligible for a toxicity evaluation during any course and a response evaluation. The characteristics of the 36 patients are summarized in Table I .
MTD and RD.
At level 1 in the Phase I study, one of three patients developed grade 3 diarrhea during the first course, but the other two patients exhibited no DLT (Table II) . An additional three patients at level 1 showed no DLT. We enrolled three patients into the Phase I study at level 2. One patient developed grade 3 diarrhea during the first course. Another patient presented grade 3 leucopenia, neutropenia and thrombocytopenia, which were not DLTs in and of themselves. However, leukocyte and platelet counts had not recovered to starting criteria levels by the following course on day 36. Therefore, these toxicities were categorized as Table II . Incidence of toxicity. --------------------------------------------------------------------------------------------------- 
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DLTs, since the second course of treatment for this patient was delayed by more than a week. The third level 2 patient exhibited no DLT. According to protocol, no patient was entered into the group at dose level 3, and dose level 2 was declared to be the MTD.
At level 2, treatment for patients presenting DLT was discontinued due to toxicity after the second course. The patient with grade 3 diarrhea continued to suffer from grade 3 diarrhea during the second course, despite dose reduction. The patient with grade 3 hematological toxicity continued to exhibit similar toxicity, which did not recover to the starting criteria levels required for the following course on day 43. Regarding treatment continuation, dose level 2 was considered to be unsuitable as the RD. Therefore, further observation of safety and efficacy was performed to confirm whether to proceed to a Phase II study using dose level 1. One of the six patients at level 1 again developed grade 3 diarrhea during the second course despite dose reduction, but none of the other five patients showed grade 3 or 4 toxicity during the first six treatment courses. Regarding best response to treatment, one patient had a complete response, three a partial response, one stable disease and one progressive disease. Dose level 1 was finally determined to be the RD for the Phase II study.
Safety. During the treatment courses, no treatment-related deaths occurred. The numbers of patients showing each toxic reaction are summarized in Table II according to the worst grade per patient. The most common hematological toxicity was anemia, and the most common non-hematological toxicities were anorexia and fatigue. Although 94% of the patients (31/33) showed some toxic reactions, most of these were mild. Grade 3 or 4 toxicity occurred in 18% of the patients (6/33). Observed grade 3 toxic reactions were anemia (3%), leucopenia (3%), neutropenia (3%), diarrhea (6%), colitis (3%) and anorexia (3%). There were no grade 4 toxic reactions.
A total of 274 treatment courses were performed in the study. The median number of courses was 8 (range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The mean DI of CPT-11 was 29 mg/m 2 /wk. The mean DI of S-1 was 407 mg/m 2 /wk. The mean relative DI of CPT-11 and S-1 was as high as 98 and 97%, respectively. Due to toxicity, a delay in treatment occurred in 15 patients. Dose reduction was performed in two patients. A toxic reaction as the reason for dose reduction was diarrhea. The reasons for treatment discontinuation were tumor progression in 26 patients, toxicity in five, and patient refusal in two. Toxic reactions as the reason for treatment discontinuation were anemia, febrile neutropenia, diarrhea and colitis. Two patients had grade 3 diarrhea requiring a second dose reduction. In the other three patients, treatment was discontinued because of prolonged toxic effects that were still not resolved over 42 days after the toxicityinducing course was initiated.
Efficacy. In terms of best response to treatment, four patients had a complete response, 15 a partial response, eight stable disease and five progressive disease (Table III) . One patient was not evaluated due to refusal of further treatment or examination. The response rate was 58% [19/33, 95% confidence interval (CI) 41-75%] and the disease control rate 82% (27/33, 95% CI 67-96%). In 19 responders, the median time to Table III . Efficacy. response and duration of response were 1.5 months (range 1.5-4.5) and 8.0 months (range 3.0 to >27.0), respectively. The median time of progression-free survival was 8.4 months (range 1.5 to >28.5) and of overall survival 18.7 months (range 3.2-39.0) (Fig. 1) .
Twenty-nine of 33 patients in the Phase II portion received second-line treatment with either oxaliplatin and 5-FU plus leucovorin (FOLFOX) or tegafur/uracil and oral leucovorin (UFT/LV). In the subgroup analysis of second-line treatment, the median overall survival of 19 patients receiving FOLFOX was >22.2 months, which was significantly longer than that of 10 patients receiving UFT/LV (13.0 months, p=0.0027) (Fig. 2) .
Discussion
There have been several reports on Phase I studies of combination therapy with CPT-11 and S-1 that aimed to determine the RD for advanced gastric or colorectal cancer (16) (17) (18) (19) (20) . Although the same dose (80 mg/m 2 /day) of S-1 was used here as in the other studies, the RDs for CPT-11 differ between the reports. The RD of CPT-11 appears to be determined by treatment schedule, which can be classified into three groups according to the time of CPT-11 administration and the duration of S-1 administration in a cycle. In the first group, the RD of CPT-11 was 150 mg/m 2 in a 3-week treatment cycle consisting of CPT-11 administered on day 1 and S-1 administered for 14 consecutive days, from day 1 to 14 (16) . In the second group, the RD of CPT-11 was determined to be 80 mg/m 2 in a 5-week treatment cycle consisting of CPT-11 administered on days 1 and 15 and S-1 administered for 21 consecutive days, from day 1 to 21 (17, 18) . In the third group, the RD of CPT-11 was also determined to be 80 mg/m 2 in a 3-or 4-week treatment cycle consisting of CPT-11 administered on days 1 and 8 and S-1 administered for 14 consecutive days, from day 1 to 14 (19, 20) . In the present study, however, the RD of CPT-11 was determined to be 60 mg/m 2 . Our treatment schedule was similar to that of the second group except for the length of the cycle (4 vs. 5 weeks). The protocols of the two studies in the second group as well as ours included the delay of treatment as a DLT. Adding the permitted delay, the maximum length of the cycle in our study was 5 weeks, while that of the cycle in the second group was 6-7 weeks. This may explain why, in our study, the MTD was achieved at 80 mg/m 2 of CPT-11, not at 100 mg/m 2 as reported in the second group. DLT in one patient treated with our protocol at 80 mg/m 2 of CPT-11 was prolonged hematological toxicity. However, the patient recovered to starting criteria levels on day 43 of the first course.
In the Phase II portion of the present study, the high feasibility of our treatment was demonstrated by the high relative DI (CPT-11 98% and S-1 97%). There are two other Phase II studies of this combination therapy, enrolling >30 patients. Inokuchi et al (19) showed a high relative DI (CPT-11 94% and S-1 98%) for gastric cancer, while a lower relative DI (CPT-11 87% and S-1 82%) was reported by Goto et al (13) in a study on colorectal cancer. Compared to the latter (CPT-11 50 mg/m 2 /wk and S-1 373 mg/m 2 /wk), the former used the lower projected DI of the two agents (CPT-11 40 mg/m 2 /wk and S-1 280 mg/m 2 /wk). By our RD, the projected DI of CPT-11 (30 mg/m 2 /wk) was lower than that of the two previous reports, but that of S-1 (420 mg/m 2 /wk) was higher. Therefore, the relative DI may have decreased when we selected a higher dose of CPT-11 as RD in our treatment schedule.
The efficacy of our combination therapy was comparable to that of combination therapy with CPT-11 and S-1 following a different treatment schedule, and to that of combination therapy with CPT-11 and 5-FU plus leucovorin. A previous Phase II report on CPT-11 and S-1 combination therapy showed a response rate of 62.5% (cf. 58% in the present study), and a median progression-free survival of 8.0 months (cf. 8.4 months in the present study) (13) . Phase III studies of combination therapy with CPT-11 and 5-FU plus leucovorin demonstrated response rates and progression-free survival times of 31-62% and 6.7-8.7 months, respectively (9, 10) .
Capecitabine, another oral fluoropyrimidine derivative, is well known for its use in combination with CPT-11 for colorectal cancer treatment. The efficacy of this combination therapy was demonstrated by 44-50% response rates and 7.6-8.3 months of progression-free survival, but the incidence of grade 3 or 4 diarrhea was reported to be as high as 20-27% (11, 12) . In contrast, two Phase II studies of CPT-11 and S-1 combination therapy, including ours, have shown a rate of grade 3 or 4 diarrhea of 6-7.5% (13) . As for hand-foot syndrome, the incidence and severity in the studies on CPT-11 and S-1 is clearly low. Therefore, a combination of CPT-11 and S-1 is safer than one of CPT-11 and capecitabine. Toxicity profiles between the two CPT-11 and S-1 combination therapy studies were very similar, but severe toxicities were less frequently observed in the present study. Grade 3 or 4 neutropenia and grade 3 anorexia occurred in >10% of the patients during the first six treatment courses in the prior study. The incidence of grade 3 or 4 toxic reactions, however, was <5% in all patients for any toxicity except diarrhea (6%) during all treatment courses of our study. Consequently, our regimen appears to be safer than that of the prior study.
The present study is the first Phase II study of colorectal cancer to report the median overall survival (18.7 months) of patients receiving CPT-11 and S-1 combination therapy as a first-line treatment for metastatic colorectal cancer. In the subgroup analysis, the median overall survival of patients receiving FOLFOX as a second-line treatment was >22.2 months. This median overall survival was comparable to that of FOLFIRI followed by FOLFOX6 (21.5 months) and the reverse sequence (20.6 months) (21) . When we started the present study, oxaliplatin was not available in Japan. Until April 2005, when oxaliplatin was formally introduced, all patients receiving second-line treatment were treated with UFT/LV (22) . The median overall survival of these patients was 13.0 months, which is significantly shorter than that of patients receiving FOLFOX. This finding supports the hypothesis by Grothey et al (23) that the availability of all three active drugs (5-FU-leucovorin, CPT-11 and oxaliplatin) improves survival in patients with advanced colorectal cancer.
In conclusion, we have demonstrated that a combination therapy using CPT-11 and S-1 according to our treatment schedule is effective, safe, and highly feasible for metastatic colorectal cancer patients. These data suggest that it is worth assessing this combination therapy in a Phase III study.
